Inbred Fischer rats fed on an iodine-deficient diet for 16-22 months will develop goiters which will grow into tumors when transplanted subc-utaneously into the flanks of other Fischer rats. We have studied the biologic behavior, histology, and the chromosomes of 1-7 generations of ten lines ot these transplanted thyroid tumors and classified them into three categories: (a) Dependent tumors with a modal number of 42 chromosomes and a "normal" karyotype; follicular and papillary adenocarcinomas; slow growth; transplant take and growth rate dependent upon iodine deficiency and thyroidectomy. After the second or third generation, all tumors acquire transitional tumor characteristics.
INTRODUCTION
The role of chromosomal abnormalities in the etiology and development of neoplasms is still unsettled in spite of the accu mulation of considerable cytogenetic data on animal and human tumore. The development of neoplasm for apparently normal cells may be related to irregular mitosis, leading to the production of abnormal chromosomal complements, as suggested a half century ago by Bovari (3) . The development of malignancy may be regarded as a process of selection at the cellular level that favors cells with an acquired ability to escape homeostatic con trol (5) . In a previous publication (1), we described the sequence of chromosomal changes observed in the thyroid cells of rats exnosed to iodine deficiency as a cause of stimulation of their 1This work was supported by USPHS Grant CA-05174-07,No. 07939.
Received February 23, 1967; accepted June 5, 1967. thyroid glands by endogenous thyroid-stimulating hormone (TSH) Chromosomal abnormalities were detected under conditions of thyroid hyperplasia. At 4-10 weeks of iodine deficiency, 19-30% of the thyroid cells had a nonmodal number of chromosomes, and hyperdiploid cells were more numerous than hypodiploids, where as all but one control rat thyroid had nonmodal chromosomal complements of 0-6% and no other abnormalities. At 3-6 months of iodine deficiency, the number of nonmodal cells was 30-44% and hypodiploids were more numerous than hyperdiploids. In addition, marker chromosomes and structural abnormalities ap peared at this interval. Thyroid nodules appeared some months later. Wollman (7) , using the combination of iodine deficiency and antithyroid drug administration in the Fischer rat, demonstrated that goiter bits transplanted subcutantously into the flanks of other host rats would grow and kill the host. Matovinovic (4) in our thyroid laboratory has induced these tumors using iodine deficiency alone. He has demonstrated that successive transplants of these tumors may grow more rapidly, become more anaplastic, and eventually metastasize widely to result in early death of the host (J. Matovinovic, unpublished data). He has also demon strated that in early generations of follicular tumors, the growth rate may be accelerated by iodine deficiency, but in the late, more anaplastic, rapidly metastasizing stage, the growth rate of these tumors is not detectably influenced by iodine deficiency or thy roidectomy (J. Matovinovic, unpublished data).
A cytogenetic study of these transplant tumors was undertaken to see whether or not any kind of sequential chromosomal changes might be observed that could be correlated with the biologic behavior of the tumors as they progressed from a large degree of dependence on iodine deficiency and thyroidectomy for growth, to an anaplastic, rapidly growing, and metastatic phase inde pendent of iodine deficiency and thyroidectomy. We report here that certain cytogenetic trends are evident even though varia tions from these trends are not uncommon. It is hoped that cor relation of these sequential cytogenetic changes with the biologic behavior of the transplant tumors might furnish additional in formation on the unsolved problem of how chromosomal changes relate to the evolution of cancer. search Laboratory of our Nuclear Medicine Unit, were produced by transplanting bits of goiters from inbred Fischer rats that had been iodine deficient for 16-18 months into the flanks of other rats. All original thyroid bits were implanted into iodine-deficient thyroidectomized hosts (131Ithyroidectomy). After "take" of the transplant, some tumor bits were then transplanted into other nonthyroidectomized Fischer rats on a normal iodine intake and also into other thyroidectomized iodine-deficient rats. Goiters or transplant tumors were removed aseptically. The tissues were minced in a few drops of physiologic saline (0.9%) and then injected into the flanks of another rat using a syringe with a 14-gauge trocar. Part of the tissue was used for our cytogenetic study. For histopathologic evaluation, a representative piece of each tumor was sent to to our Pathology Department.
Cell Culture
For our chromosome study, a piece of the tumor was placed in chilled Hank's balanced salt solution (HBSS) with 100 units of penicillin/ml and 100 jug of streptomycin/ml for 5-10 min. The tissue was then washed once or twice with HBSS and minced with scissors into small pieces. The minced tissue was suspended in 10-20 ml of 0.25 % trypsin (Difco 1:250) for each 1-gm weight and the suspension then transferred to a BÃ©lico spinner which was placed on a magnetic stirrer for 20-25 min. The cell suspension was then transferred to a sterile centrifuge tube and centrifuged at 1500 rpm for 10 min. The j^ellet of cells was washed 2-3 times with HBSS before it was suspended in McCoy's 5-A medium (Grand Island Biological), placed in a T-flask (Kontes glass), and incubated at 37Â°C. The medium was changed every 48 hr. When a sheet of cells was observed (after 1-5 days), the medium was changed, and colcemid (Ciba) was added 6-8 hr prior to culture processing for chromosomal preparation.
Chromosome Preparation and Scoring
Chromosome preparation and scoring was carried out essen tially as before (1) . One hundred to 250 chromosomal comple ments were analyzed from each tumor and 25-50 of these comple ments were karyotyped. Marker chromosomes were scored and identified directly through the microscope and double checked on the karyotyj)es. Table 2 summarizes all the data, correlating the cytogenetic morphology of each tumor line and generation with the histopathology and rate of growth of the tumors in gm/month. We have grouped each generation of a line under one of three classi fications.
RESULTS
1. Dependent. Early in our studies we designated as "depen dent" those tumors which never became palpable after transplant in the routine period of follow-up of 2-5 months unless the host was thyroidectomized and/or on an iodine-deficient diet, in short, those which appeared to be dependent upon an increased amount of TSH stimulation for growth. Later, it was observed that if the tumors were routinely followed for more than five months, "takes" were observed in "control" hosts. The growth rates averaged 3.3 Â± S.E. 0.99 gm/month in both iodine-deficient thyroidectomized and control hosts, a significantly slower rate of growth than when the tumor "escaped homeostatic control" and became "autonomous" (41.8 Â±7.5 gm/month, P < 0.001).
A second characteristic of the dependent tumors is that all were papillary or follicular adenocarcinomas, while the majority of the autonomous group were undifferentiated carcinomas ( Table 2 ). A third characteristic of the dependent group is the adherence to the modal number of 42 chromosomes in 82.1 Â± S.E. 3.3% of the counted cells. The figure differs significantly from the normal Fischer rat thyroid (1) where all but one thyroid pre sented a modal number of 42 chromosomes in at least 94% of counted cells, but less deviation from the modal number than that found in the hyperplastic thyroid glands of our rats that were iodine deficient for 3-6 months (1), where the number of aneuploid cells varied from 30 to 44%. Fig. 2 shows the karyotype of a reprÃ©sentative dependent tumor.
This adherence to the "normal" modal number in the 1st and 2nd generation tumors was in striking contrast to the deviation from the normal modal number observed in the "transitional" tumors, 42.8 Â± 7.2 (P < 0.001) and "autonomous" tumors, 40.1 Â±7.3 (P < 0.001). "Cytogenetic normality" was also preserved in the consistency of retention of the "No. 15" chromosomes where only 3.8 Â± 1.08% of the cells had one of the "No. 15" pair of chromosomes missing compared to none of the counted cells of normal thyroid glands (1) and less than 1% of the cells of the thyroid glands of rats made iodine deficient for 3-6 months with hyperplastic thyroid glands (1) .
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Three out of four lines of tumors studied in this category have developed characteristics in addition to those of the dependent tumors, after the 1st or 2nd generation. Some of these charac teristics are found in the "transitional" tumors. After the 2nd generation of Line 373, the tumor still has a modal number of 42 chromosomes; however, 14-18% of the cells have dropped a chromosome of "Pair No. 15" and the rate of growth has quad rupled (Table 2A, B) .
A more drastic change in the chromosomes of some tumore in Line 398 had occurred after the first generation. Among the changes were the dropping of a chromosome of "Pair No. 15" from 16 to 42% of the cells and the appearance of marker chromosomes. In conjunction with the chromosomal changes, some pathologic and growth rate changes have occurred. After the 2nd generation in Tumor Line 2252, similar changes were observed in the chro mosomes and in the histopathology.
2. Transitional. Early in our studies, we classified that type of tumor as "transitional" between the dependent and "autono mous" phases which became palpable within one month after transplant to a normal host (therefore simulating the tumor that had escaped dependence upon increased TSH stimulation for growth) but still exhibited a faster growth rate in the presence of thyroidectomy or iodine deficiency of the host.
A second characteristic of this tumor is that it frequently showed a papillary histopathology, as shown in a representative section from Tumor Line 394, 2nd generation in Fig. 3 .
The transitional change cytogenetically is shown most strikingly in a high percent of the counted cells showing dis appearance in one of the "No. 15" pair of chromosomes as shown in Table 2B . Fig. 4 from Line 406, Generation 1, shows a representa tive karyotype demonstration of this change.
Three lines of tumors of our ten lines studied, 394, 406, and 2256, from the earliest generation were characterized by slow rates of growth in both control and iodine-deficient thyroidectomized hosts, a modal number of 41 chromosomes and a karyo type having one chromosome of "PairNo. 15" missing. Line 2256 had three stem lines and modal number of 40. As discussed above, some of the dependent tumors acquire transitional tumor characteristics after the 2nd or 3rd generation. The same course of development or "evolution" is observed in the transitional tumor. After the 2nd generation in Line 394 the tumor modal number had shifted from 41 to 42 and then to 51 with a different karyotype due to the presence of 2-5 types of marker chromo somes. A most important finding is that the one missing chromo some of "Pair No. 15" is still missing after the shift, as shown in Fig. 5 . It was rather difficult to determine exactly the percent missing one chromosome of "Pair No. 15" when the modal shift from 42 to 51 occurred. These tumors also grow faster in sub sequent generations in both t3'pes of hosts, and in Line 394 a dramatic change in the histology of the tumor was observed after the second generation. The tumor evolved from a follicular carcinoma to a very fast-growing, undifferentiated "sarcomatous" neoplasm as shown in Fig. 6 . A similar tendency was observed in Line 406 after the second generation. In this line, a shift in modal number from 41 to 42 or 43 was observed. All cells after the shift were characterized by one or more marker chromosomes and the loss oj one chromosome of "Pair No. 15."
In Line 2256, the modal number changed between the 1st and 4th generations from 40 to 42 chromosomes, but both stem lines were characterized by a karyotype in which one chromosome of "Pair No. 15" was missing.
In both Line 406 and Line 22562, tumors grew faster in both types of hosts after the chromosomal changes.
3. Autonomous. Those tumors were first classified in this category which would not only become palpable within two weeks after transplant to the normal control host, but whose growth rate was not accelerated by thyroidectomizing the host or exposing the host to dietary iodine deficiency.
The 2nd characteristic of these tumors is that they grow at a rate averaging 14 times that of the dependent tumor and 7 times that of the transitional tumor (Table 2C) .
A 3rd characteristic is that they metastasize widely to almost every organ in the body. Fig. 7 A is a photomicrograph of a repre sentative histology, and Fig. 7ÃŸ a photograph of the microscopic appearance of the mÃ©tastases in lungs (362 C22).
The most striking cytogenetic characteristic difference be tween the autonomous and transitional tumors is the high per centage of cells with marker chromosomes in the autonomous tumors, 70.2 Â±5.5% (P < 0.001), more than 16 times the inci dence in transitional tumors and 35 times the incidence in de pendent tumors. Most cells of this type of tumor are either quasidiploids or aneuploids with a modal number of chromosomes of 42-43 and a karyotype characterized by 2-6 marker chromo somes in which one chromosome of "Pair No. 15" is missing. Un fortunately, one of these lines was lost (416) after the 3rd gen eration. This line was autonomous from the start with metastasis to the lymph nodes and lung. It is interesting to note that this line had a modal number of 43 chromosomes with one submetacentric marker, one additional acrocentric chromosome and one of "Pair No. 15" missing in the studied generation as shown in (Table 2C) . A typical karyotype from Line 362 is shown in Fig. 9 and shows the characteristic absence of one of the "No. 15" chromosomes and the presence of four marker chromo somes.
DISCUSSION
The various generations of the 10 lines of tumors studied in this report were grouped into three categories on the basis of their cytogenetic structure at the earliest studied generations: Certain trends in biologic behavior and to a lesser extent in pathology were associated with the cytogenetic structure of each tumor.
2 Data are not reported in Table 2B on the 2nd and 3rd genera tions of this line since, unfortunately, these two generations were not studied cytogenetically.
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is:r> Each of the three categories of tumors seems to have a single cell origin. It may be difficult to document this assumption in the case of the dependent tumors, but if the chromosomes of these tumors are compared with the chromosomes of preneoplastic and early iodine-deficient thyroid glands (A. Al-Saadi and \V. H. Beienvaltes, unpublished data), such a concept will be easier to accept. At early stages of iodine deficiency, the thyroid gland was found to have several stem, line cells. This is true also in the case of goiters before transplant, but once a preneoplastic goiter is transplanted, only one major line of cells was found in the first generation in all studied tumors except one. It appears, therefore, more than a coincidence to find that almost 100% of the cells in some tumors have 42 chromosomes, whereas even in the control thyroids we found that up to 8% of the cells were with other than 42 chromosomes. It is possible that at the very early stages of iodine deficiency a "mutation" or "mutations" at the gene level occur in a single cell which could not be recognized from the surrounding cells. This cell then divides and forms a clone of cells which gives rise to a tumor with 42 chromosomes when a bit of goiter is transplanted.
It is easier, however, to visualize that the transitional and autonomous tumors have a single cell origin. Each cell of the 3rd generation tumor in autonomous Line 416 had 43 chromosomes, a large submetacentric marker and an extra medium acrocentric, and one chromosome of "Pair No. 15" was missing.
Each cell in the seven generations ot autonomous tumors studied from Line 362 was characterized by the same marker chromosomes or a rearrangement in these marker chromosomes. It is important to emphasize that what we have identified as the "No. 15 chromosome" cannot be unequivocally differen tiated from the other large metacentric chromosomes of Pairs No. 14 or 16. We have identified the No. 15 chromosome as differentiated from Nos. 14 and 16 almost entirely on the basis of its intermediate size. For this reason, we believe that it is the same chromosome that is missing in each case.
Although we have not studied the DNA synthesis pattern in the Fischer rat chromosomes to help elucidate the problem of the missing chromosome, it is obvious from the recent publication by Takagi and Makino (6) OCTOBER 1007 1X3Â»
